Running head: Effect of caffeinated gum on a battery of soccer-specific tests Abstract Word Count: 234 words Text Only Word Count: 2999 words Abstract 1
Introduction

20
The prevalence of caffeine (1, 3, 7-trimethylxanthine; C 8 H 10 N 4 O 2 ) usage within elite sport is 21 high, with 75% of athletes having reported its use prior to and/or during competition (Del Coso, 22 Muñoz, & Muñoz-Guerra, 2011) . The ergogenicity of moderate caffeine doses (i.e., up to 3 mgkg -1 of 23 body mass [BM] ) is well supported in athletic populations as numerous studies have shown that 24 caffeine can enhance performance of endurance (Ganio, Klau, Casa, Armstrong, & Maresh, 2009 ), 25 strength (Timmins & Saunders, 2014) , power (Del Coso et al., 2012) , agility (Jordan, Korgaokar, 26 Farley, Coons, & Caputo, 2014) , skill (Russell & Kingsley, 2014) , and reaction time (Santos et al., 27 2014) tasks. Emerging evidence suggests that even lower doses of caffeine (<3 mgkg -1 BM) have 28 been shown to improve alertness, vigilance, enhance mood and cognitive processes both during and 29 after exercise and these effects have been observed with few, if any, side effects (Spriet, 2014) .
30
Collectively, these improvements could enhance performance in soccer as it is a physically 31 demanding intermittent sport that stresses both anaerobic and aerobic energy systems. During a 32 match, players are involved in soccer-specific actions requiring repeated high-intensity running and 33 high endurance capacity (Bangsbo, Mohr, & Krustrup, 2006) . Notably, caffeine has been repeatedly 34 shown to improve multiple sprint performance during simulated team sport activities (Schneiker, 35 Bishop, Dawson, & Hackett, 2006) as well as improving passing accuracy (Foskett, Ali, & Gant, 2009) 36 and jump performance in trained male soccer players (Del Coso et al., 2012; Foskett et al., 2009) . 37 38 Caffeine acts as an adenosine receptor antagonist, thus reducing the perception of effort at 39 a given intensity and increasing central drive (Davis et al., 2003) . Traditionally, caffeine has been 40 provided in a capsule or beverage form approximately one hour prior to exercise, with peak plasma 41 caffeine concentrations realised 15 to 120 min post-ingestion (Magkos & Kavouras, 2005) . Caffeine 42 from chewing gum, however, is more rapidly absorbed into the blood stream via the buccal mucosa, 43 resulting in a faster onset of effects compared to more traditional modes of ingestion (i.e. 5 min 44 versus 45 min, respectively) (Kamimori et al., 2002) . Such responses may be beneficial for team 45 4 sport athletes in scenarios where limited time for nutritional interventions exist at specific points in 46 the competition day (e.g., the end of the warm-up, at half-time, or for substitutes required to enter 47 competition with limited notice), but where ergogenic effects are desired.
48
Several studies have examined the effects of caffeinated chewing gum on exercise 49 performance (McLellan et al., 2005; Oberlin-Brown, Siegel, Kilding, & Laursen, 2016; Ryan et al., 50 2013) and the findings have been equivocal. Some have found that caffeinated gum can enhance 51 cycling (Ryan et al., 2013) and running (McLellan et al., 2005) performance as well as pacing 52 strategies (Oberlin-Brown et al., 2016) , whereas other studies reported no benefit to cycling 53 performance (Oberlin-Brown et al., 2016) . Surprisingly, limited studies have examined the effects of 54 caffeinated chewing gum on specific components of soccer performance, despite the ergogenicity of 55 caffeine relative to key performance indicators in soccer and the practicality of this mode of 56 administration. Soccer teams typically use a battery of fitness and performance tests to assess a 57 player's performance (e.g., the Yo-Yo Intermittent Recovery Test Level 1 [Yo-Yo IR 1] is used to test 58 aerobic fitness and has previously been shown to correlate with high intensity distance covered in a 59 match (Castagna, Impellizzeri, Cecchini, Rampinini, & Alvarez, 2009), the countermovement jump 60 test is used to assess explosive lower body power output which may relate to the ability to jump and 61 head the ball (Lara et al., 2014) and the 20 m sprint to measure speed (Turner et al., 2011)) at 62 various times throughout the season (e.g., pre-season). Accordingly, it was hypothesised that if the 63 caffeinated gum could enhance performance on these tests, the implications for transferability to 64 actual match-play could be examined. Therefore, the purpose of this study was to determine was calculated that a sample size of 7 was required for this study. Ten male university-standard (4 ± 89 0.9 years of competitive soccer experience, training 333 ± 28.7 min·wk -1 ) soccer players (age 19 ± 1 90 y, stature 1.80 ± 0.10 m, body mass 75.5 ± 4.8 kg) volunteered for this study. None of the players 91 that participated in this study had any major or minor injuries nor any medical complications. During 92 recruitment, players were asked if they had ever experienced adverse effects from caffeine ingestion 93 and ones that had suffered negative effects were excluded. Players were members of the 94 University's second XI team and played in one competitive match per week throughout the season.
95
The study was approved by an institutional Health and Wellbeing Faculty Ethics Committee and all of 96 6 the participants completed an informed consent and pre-screening questionnaire prior to taking 97 part in any testing procedures.
99
Procedures 100 To control for diet and prior physical activity over the two testing sessions, players were 101 asked to record food intake and activity for 48 h before each main trial using written food and 102 activity diaries. Players were instructed to replicate the dietary intake and activity profiles recorded 103 before the first testing session prior to the second visit. Players were asked to avoid alcohol and 104 strenuous exercise for two days before each visit. Diaries were checked to ensure compliance and 105 we were satisfied that all of the participants adhered to the instructions given and that the food and 106 drinks consumed before each trial were the same. Data collection for both placebo and caffeine 107 trials occurred 72 h after a competitive match where training was replaced with a testing session. 
133
Participants completed the tests in three separate groups (i.e. two groups of 3 and one group of 4).
134
After the warm-up, players carried out three countermovement jumps using an optical At the end of the study, players were asked to write down adverse side effects and to 164 evaluate whether they were given caffeine or placebo treatments. No adverse effects were reported 165 and three out of the ten participants correctly identified the condition they were given suggesting 166 that blinding was effective. This is the first study to investigate the effects of caffeinated gum on a battery of soccer-192 specific tests that assess aerobic capacity, power and speed in university-standard soccer players.
193
Although no effects on 20 m sprint performance were observed, we report that caffeine gum 194 enhanced performance on the Yo-Yo IR1 by 2% and increased countermovement jump height by 195 2.2% when compared to a placebo, but these effects were small.
197
Improved jumping ability attributed to caffeine ingestion in soccer players supports previous 198 literature (Del Coso et al., 2012; Foskett et al., 2009 ). Indeed, Foskett et al. (2009 
256
It should be acknowledged that a limitation of this study was that plasma caffeine was not 257 measured, however, Kamimori et al. (2002) have previously reported that chewing caffeine gum for 258 5 min results in 85% of the caffeine dose being released. In addition, as the caffeinated gum 259 contained 100 mg per piece, it was problematic to prescribe exactly 3 mgkg -1 BM of caffeine as a 260 relative dose to participants, thus we had to provide an absolute dose of 200 mg. Despite this 261 limitation, the mean dosage given was 2.7 ± 0.2 mgkg -1 BM (range: 2.4 to 2.9) of caffeine. It is 262 possible that we may have observed larger effects if we had administered a higher dose of caffeine.
263
A second limitation of this study was that all three performance tests were conducted on the same 264 day with 5 min recovery periods in between each test. However, it is unlikely that three maximal 265 countermovement jumps and a maximal 20 m sprint would result in fatigue and subsequently affect 266 the results of the Yo-Yo IR1 test. Moreover, these tests are typically conducted in the field on the 267 same day when used to test players in the 'real world'. Lastly, we did not determine the reliability of 268 13 the three tests within our sample to confirm whether the coefficient of variation was similar to 269 previously reported values. 
